Abstract-Ever increasing demand for higher bandwidth and capacity requests more efficient multiplexing techniques. To in crease supportable subscribers in networks, hybrid fiber optic systems have been proposed lately. In this research work a combination of polarization division multiplexing (PDM) and duty-cycle division multiplexing (DCDM) system is proposed for long haul communication. In the proposed system each PDM channel carries 2-channel DCDM where each user is operating at data rate of 10 Gb/s which forms 2 X 2 X 10 Gb/s optical system. Results show that the bit error rate of 10-9 for worst user is achieved at received power per chip of 21.12 dBm and optical signal to noise ratio of 22.08. Furthermore, system analysis demonstrates that the proposed system can tolerate the ±10 ps/nm dispersion without any need for compensation.
INTRODUCTION
In order to satisfy the growing requirement of higher band width, optical multiplexing techniques have been developed for better utilization of the high capacity of optical fibers.
Several types of multiplexing techniques have been introduced such as polarization division multiplexing (PDM) [1] , time division multiplexing (TDM) [2] , wavelength division multi plexing (WDM) [3] , [4] . Optical code division multiple access (OCDMA) system has been developed to share media among different users mostly in access and local area networks [5] , [6] .
Recently an electrical multiplexing technique named duty cycle division multiplexing (DCDM), has been reported [7] , [8] .
In DCDM, RZ signals with various duty-cycles are utilized to support mutli-access network [9] . DCDM supports n simultane ous users at single wavelength using n+ 1 time and n amplitude levels in each symbol period. In each symbol of DCDM, there is just a raised edge which is situated in commence of symbols.
Using RZ signals in DCDM makes the synchronization much easier than its counterparts such as TDM and this make DCDM a promising solution for expansion of WDM optical networks [7] and using OCDMA system for last mile access [10] has been demonstrated. The experimental demonstration of a DCDM transceiver with an acceptable datarate is presented by [11] .
PDM utilizes independent data sets on each of two or thogonal optical polarization states to double the total data 978-1-5090-5963-8/17/$31.00 ©20l7 IEEE throughput. Several optical systems based on polarization mul tiplexing have been reported such as time/polarization division multiplexing [12] and orthogonal frequency/polarization divi sion multiplexing [13] . The successful high speed transmission of PDM is also demonstrated [14] .
In this work, a composite of PDM and DCDM systems is developed to increase the capacity of conventional PDM optical communication systems. The suggested technique is a combination of electrical coding and optical multiplexing which takes the advantage of RZ modulation. Here, users each transmitting at data rate of 10 Gb/s are electrically multiplexed and transmitted over PDM channels which forms a 2 x 2 x 10 Gb/s system. The performance of proposed system is evaluated by subscribers bit error rate (BER) and eye diagram of retrieved signal and optical signal to noise ratio (OSNR). Dispersion tolerance of proposed system is also presented. This paper is organised as follows. Section 11, describes and explains system architecture of proposed hybrid system. Section Ill, addresses the main results of the system simulation present ing BER of users versus OSNR and received power.Finally, Section IV presents some concluding remarks.
11.
DCDM/PDM SYSTEM DESCRIPTION shown that the dispersion tolerance of proposed hybrid system is around 102 ps/nm. The main advantage of proposed system is that the capacity of existing PDM systems could be increased without any need for modifying the optical system, for DCDM encode/decodes in electrical domain and it can be implemented using logic gates [19] . The capacity of DCDMIPDM system itself can be increased either electrically or optically. In elec trical domain which is much economical, DCDM system with higher channels (e.g. 3 or 4-channels) could be employed. On the other hand, combination of DCDMIPDM and WDM system will allow to vastly extend the number of users. Based on the properties of the proposed system, it is an alternative solution for long haul optical communication. Further improvements of DCDMlPDM system can be achieved by controlling the amplitude distribution of different levels.
